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ROCKET-MODELINVESTIGATIONOFLONGITUDINALSTABILITYAND

DRAGCHARACTERISTICSOFAN AIRPLANECONFIGURATION

HAVINGA 60° DELTAWINGANDA HIGH

UNSWEPTHORIZONTALTAIL

By RobertF.PeckandJesseL.Mitchell d

SUMMARY

A rocket-propelledmodelof an airplsmeconfigurationhavinga -
600deltawingwithanNACA6~AO03airfoilsectionanda highunswept~.
horizontaltailhasbeenflownby theLangleyPilotlessAircraftRese&ch
Division.TheresultsobtainedatMachnumbersbetween0.9and1.37
indicatelittlevariationinlift-curveslopeandin staticanddynamic
stabilitywithchangeinMachnumberandno abrupttrimchanges,.Sta-
bilitypsmanetersamdlift~cu.~eslopeshoweffectsofvaryinglif~_t’=
however,whichmightbeexpl’aimedby thehorizontaltailbeingina posi-
tionwherethedownwashvariationwithangleof attackincreasedwith:,,
lift. At a Machnumberofapproximately0.90,themodelwaspitchedto
snglesof attackabove20°. Thisprobablyresultedfromreduced”stabil-
ity,atthehigherliftcoefficients,stemmingfromthehightailloci=-
tion. Theexposedwinglift-curveslopeshowedlittlevariationwith:
liftsadagreessatisfactorilyat supersonicspeedswithvaluescalculated
by anapproximatelinearizedtheory.

~INTRODUCTION

Thelongitudinalstability,lift,anddragch&racteristicsof air-
planeconfigurationsat transonicandsupersonicspeedsarebeinginves-
tigatedby theNACAusingrocket-propelledmodelsinfreeflight.The
effectsofvariationsinwinggeometryonthelongitudinalaerodynamic i
characteristicsarebeinginvestigatedina correlatedprograminwhich
variouswingsaretest-flownona basicfuselage-empennagearrangement
(refs.lto 5). Thedatafromthesemodelsareobtainedfromtelemetered 5

recordsof theresponseof themodelsto a square-wavevariationof -
horizontal-tailincidence.
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Thepurposeofthe present;paperistopresentthe~esultsobtained- t

fromtheflightofoneofthegeneralresearchtestvehi@eswhichk-da
600deltawingwithanNACA65AO03airfoilsection.Datapresented - ;-
includelift,drag,pitchingmoment,anddsmpinginpitchof thecomplete
configurationinadditiontoexposedwinglift-TheMac>numberrange
coveredby thetestisfrom0.9to 1.37andReynoldsnumberfrom8.4 x 106

-b 13.8 x 106.

Thetestsweremadeat theLangleyPilotlessAircraftResearch
StationatWallopsIsland,Va.

normal-force

normal-force

SYMBOLS

%*coefficient;Tq

coefficientofexposed
area>Ne/qS

-L-alw s
chord-forcecoefficient,—

gq

—

—

wingbasedontotalwing

liftcoefficient,CN cosa ‘.Ccsina

dragcoefficient)Cc cosa + CN sin~

normalaccelerometerreading

longitudinalaccelerometerreading

correctedwingbah.ncereading,lb —

accelerationdueto gravity,ft/sec2 .—

angleofattack,deg ..

weightofmodelj1%

wingarea(includingareainclosedwithinfuselsge)sqft

exposedwingaxea,sqft. “.

dynamicpressure,lb/sqft

pitching-momentcoefficient .:,

.—

—

—
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—
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M

v

angleofpitch,radians

mar accelerationti pitch, radism/sec2

wingmeanaerodynamicchord,ft

momentof inertiainpitch,slug-ft2

distsmcebetweennoseandcenter-of-gravitynormal
accelerometers,ft

horizontal-taildeflection,deg

Machnumber

velocity,ft/sec

3

R Reynoldsnumberbasedonmeanaerodynamicchord

P periodofoscillation,sec

%/2 timeto dsmptoone-halfcunplitude,sec

D t time

Subscripts:.

ldai5&=— ——
57.3 dt2V

e exposed

w wing fuselage

kg centerof gravity

The symbolsa, q, and & usedas subscriptsindicatethederiva-
tiveofthequantitywithrespecttothesubscript.



NACARML52K04a

MODELSANDAPPARATUS

Model

A sketchoftheconfigurationusedinthisinvestigationis shown
infigureL. A 60°deltawingwithanNACA65AO03airfoilsectionwas
mountedona basicfusekge-empemiagearrangementsimilartothatused
inreferences1 to5. F&elageordinatesaregiveninreference3.
Thelowerverticslfinwasinstslledonthemodeltominimizerollor
yawmotionswhichmightperniciouslyinfluencethelongitudinalmaneuver
ina mannernotedinreference5. .—

Thewingwasconstructedof solidsteel;thehorizontaltail,of
solidduralumin;thefuselage~ofmagnesium@d steel;andthevertical
tails,ofwoodwithduraluminskin.

Theincidenceofthehorizontaltailwasvariedinanapproximate
squsre-wavepatternbymeansofa h draulicpulsingsystem.~

Thetail
settingsusedwere-1.l&and-5.43 (withrespecttothewing). -.

Themodelweightwas142.3pounds,thecenterofgravity
20.6 percentofthemeanaerodynamicchord,andthemomentof
inpitchwas11.56 slug-ft2.

. Instrumentation

wasat
inertia

+..- .-

=

Themodelwasequippedwitha 10-channeltelemetertransmitttig
continuousmeasurementsofnormalaccelerationnearthecenterofgravity
andata petitabout3 feetaheadofthecenterofgravity,longitudinal
andtransverseaccelerations,angleof attack>~rizont~-tailWsition>
twomeasurementsofexposedwingnormalforce,totalpressure,=d a
referencestaticpressure.

A veme-typeangle-of-attackindicatorwhichhada ~imgeof 15° to
-10°relat’ivetothestingwasmountedona bentstingsoas toprovide
angle-of-attackinstrumentrange:up to approximately+21°.

Wingnom@ forcewasmeasuredbymeansofa beam-typewingbalance
equippedwithan inductance-typepickup.Gapsatthewing-fuselage
~uhctureweresealedwithfabric.A straingagewasattachedto thewing
balanceprimarilyto gainexperienceintelemeteringstrain-gagemeasure-
ments.Thewing-normal-forcedatapresentedhereinwereobtainedfrom
theinductancepickuprecord. a“

Thetotal-pressuretube-wasmountedona strutbelowthefusel%e
as showninfigure1. A static-pressureorificewaslocatedonthetop z—
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of thefuselage0.70bodydiameterbehindtheforwardstationof the
cylindricalportionofthefuselage.

SCR584rad= wasusedto determinetheflightpathofthemodel
asa functionoftime.Atmosphericconditionsatthetimeof theflight
weredeterminedfromradiosondedata.

Machnumberofthemodelwasobtainedfromthetelemeteredtotal
pressuremeasurementsandthestaticpressuresobtainedfromtheSCR584
radarandradiosondedata.

TESTSANDANALYSIS

Themodelwaslaunchedata 60°elevationanglefroma mobile
launchingplatform(fig.2). A 6-inch-dismetersolid-fuelABLDeacon
rocketmotorwasusedtoboostthemodeltoa Machnumberof 1.39. The
model,whichhadno sustainerrocket,separatedfromtheboosterat
rocketburnoutbyvirtueof itslowerdrag-weightratio.Thedatawere
obtainedduringthedeceleratingportionoftheflightasthemodel
respondedinpitchtothesqusre-wavevariationof horizontal-tail“

...-

incidenceina msmnerindicatedby theportionoftelemeterrecordshown
infigure3. Therewereno appreciabletransverseaccelerationsduring
theportionof flight-overwhichdatawereobtained.

Theshort-period-pitchoscillationsresultingfromthedeflection
of thehorizontaltailwereanalyzedby themethodsof appendixA, refer-
ence1,to determinethetrim,longitudinalstability,lift,ad drag
characteristicsofthemodel.h addition,thedatafromthetwonormal
accelerometerswereusedtoobtaintotalpitching-momentdataasfollows:

Thepitchingacceleration8 isgivenby

whichisproportionaltototal-pitching-momentcoefficient

Cmtotal
I=—
qSF

. .
e

TheReynoldsnumberofthetestvariedwithMachnumberas indicated
infigure4.
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CORRECTIONSANDACCURACY K

Corrections —-.
.

Thewingnormalforcesobtainedfromthewingbalanceincludednot
aerodynamicnornudforcesbutalsoinertialforcesexertedby the
emdthemovingpartsofthewingbalance.Thetotalnormalforces
bythebalancewerecorrectedfortheseinertialfdrcesthroughuse

ofnormal-accelerationdataandtheweightsofthecontributingcomponents.
Theaerodynamicnormalforcewasconvertedto coefficientformandthe
exposedwingliftcoefficientwasassumedgiwn by CL== CNeCosa.

Theangleofattackatthecenterofgravitywasobtainedfromthe
angle-of-attackmeasurementsmadeatthenoseofthemodelby themethod
outlinedinreference6. -.

Byuseof the cmq+ c% dataobtainedfromthistestandthe
assumptionthatthevalueof c% wasprimarilythatcontributedby
thehorizontaltail,therelativelysmallpitchingmomentsduetodamping ““ “-
wereestimatedandsubtractedfromthetotalpitchingmoment,as obtained ‘
by themethodbrieflydescribedintheforegoingsection,to obtain
pitchingmomentdueto angleofattack. .- &

Accuracy .

Possiblesystematicerrors.intheabsolutevaluesofdirectly
measu=dquantitiesareproportionaltathetotalrangeof tbeinstrumen-
tationinvolved.Possibleerrorsobtainedby assuminganaccuracyof
approximatelytlpercentofthetotalinstrumentrangearepresentedin
thefollowingtable: .- .—

M ACN Acc ~Ne A8 Au

1.35 i-l-●01 to.002 to●01 to,04 to. 25

●9 t,02 t.oo4 i .015 *.04 t.25

Experiencehasshowntheaccuracyofvariationsinthevarious
quantitiesfarexceedstheaccuracyoftheabsolutevaluesindicatedby
theforegoingtable.Thisisverifiedby therelativelysmallamount
of scatterof Wdividua.1pointsinthebasicdataplots–shownherein.
TheMachnumberisbelievedaccuratewithin~0.01thro@out thetest.

>
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Theangle-of-attackindicatormaybe subjectto a furtherpossible
errorh absoluteangleof attackof i0.5°dueto smallasymmetriesin
thevanewhichmaycauseitto floatat smallanglesrelativeto the
airstream.

Inthisparticularinvestigation,atMachnumbersbelow1.15,the
angle-of-attackmeasurementsweresubjecttofurthererrorasevidenced
by recordedflatpeaksontheangle-of-attackoscillations.Theseflat
peaksanda laginangle-of-attackreadingsme believedduetoexcessive
frictionintheindicatorwhichwasgreatlyreducedatthehigherMach
numbersby shakingofthenosesection.ThisisIllustratedinfigure3
wheretheportionsoftelemeterrecordtakenjustbeforesmdafterthe
noseshakingceasedaxeshown.

RESULTSANDDISCUSSION

Trim

Thetrimliftandsngle-of-attackcharacteristicsforthetwotail
deflectionsusedareshowninfigure5. Thesolidportionsofthelines
indicateregionswheretrimwasactuallymeasuredas themeanlineof
thepitchoscillation.No abrupttrimchangesareindicatedintheMach
numberr-e covered.

Lift

Plotsofvariationoflift(bothtotalandexposedwing)withangle
of attackduringthefirstonesndone-haM’cyclesofthepitchoscilla.
tionsarepresentedinfigure6. TheMachnumberchangeoccurringduring
theoneandone-halfcyclesshownwastheorderof ().04 forthehighlift
andabout0.02forthelowliftoscillations.TheMachnumbersquoted
inthefigurewere theaverageduringtheportionsofoscillations
presented.

ThedifferencebetweenCL obtainedunderconditionsof a
increasingwithtimeandthosewith a decreasingwithtimeresults,
it isbelieved,primarilyfroman a lageffectcausedby excessive
frictioninthesingle-of-attackindicatoras discussedbrieflyinthe
sectionentitledl’Accuracy.l*Theslopesdonotappeartobe appreciably
sffectedby thesignof dcc/dtexceptatthepeaksof theoscillations.

Thelift-curveplotsfora Machnumberof 0.90indicatea liftbresk
atan angleof attackof about14.5°,Thisliftbreakwasapparently
associatedwiththewingsinceitwasindicatedby thewingbalance
recordaswellasby thenormslaccelerometers.A similarbutless
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abruptbreakinliftcurveisindicatedby wind-tunneldataona delta
wingofaspectratio2 (ref.7). Differencesinindicatedabruptness
oftheliftbreaksreprobablyduetothecomparativelylownumkr of
wind-tunneltestpointsinthelift-breakrange.

Themodelpitchedbeyondtheliftbreaktoanglesofattackexceeding
therangeof theangle-of-attackindicatorand,duringthetimeitwas
atthesehighangles,theMachnumberdroppedtovaluestoolowtobe
measuredaccuratelyby theinstrumentationused.As the”angle-of-attack
instrumentlimitswereapproached,a combinedpitch-laterslmaneuver
occurredas indicatedby relativelyhighvaluesoflateral-acceleration;
thereforeno datawereobtainedbelowa Machnumberof0.90wherethe
liftbreakandpitch-upoccurred. —

Lift-curveslopesweremeasuredaboutthetrimvslueof CL and a.
Variationsoflift-curveslopewithMachnumberasobtainedforthetotal
modelandfortheexposedwingaregiveninfigures7(a)and7(b),
respectively.

Lift-curveslopeofthetotalconfiguration(fig.7(a))atthehigh
liftsis indicatedtobe somewhatlowerthanthatatthelowerlifts.
Itisbelievedthatthisprimarilyresultedfromthehorizontaltail
beingina positionsuchthatthedownwashvariationwithangleof attack
dG/dawasgreaterastheliftincreased.Thistypev~~titionof de/da
with CL isindicatedby datainreferences8 and9. The-exposedwing-
lift-curveslope(fig.7(b))indicatedonlya smallamountofnonlinearity
overtheliftrangecovered,whichsupportstheforegoingstatementcon-
cerningthedownwashvariation.

Resultsofpreviousworksuchasthosegiveninreference10have
shownthatexposedwing-lift-curveslopemaybe estimatedinmanycases
bymultiplyingthelift-curveslopeof thewingfuselageby theratio
ofexposedtototalwingarea.Thelift-curveslopeofthewingfuselage
usedh thepresenttestwasobtainedby subtractingthelift-curveslope
of thetailfromthelift-curveslopeofthetotalconfigurationatthe
lowlifts.Thelift-curveslopeof”thstailwasobtainedfromdataof
reference2 anddownwashvaluesbasedon dataof references9 and11. IF
canbe seenfromfigure7(b)that,inthisparticularinstance,using
thearearatioto approximatewing-lift-curvesloperesultsinvalues

.

F

‘

—

—

appreciablylowerthsathosemeas~red.Thisindi~atest~atthisestimate”
isnotapplicableto configurationswithcomp~ativelyl~wvsluesof Se/S.
A closerestimateoftheexposedwing-lift-curveslopemaybe obtained
forsupersonicspeedsfromtheapproximatelinearizedtheoryof
reference12.

x
Therewasno definiteindicationofwingbuffetingexceptnew a

MachnumberofO.gOatliftcoefficientsatandabovetheliftbreak
.-

i
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wherea relativelymildbutirregularshakingwasexperienced.The
vibrationof thenosewhichoccurredaboveMachnumbersof about1.15
(fig.3(a)) isnotattributedto wingbuffeting.Thefrequencyof this
shakingcorrespondstoa body-nosebendingfrequencydeterminedby shslse
testsmadebeforetheflightandtheoccurrenceof sucha vibrationhas
beennotedinthessmeMachnumberregionon snothermodelwiththesame
fuselage-empenuagebuta differentwingplanform(unpublisheddata).

Drag

Thebasicdragdatasrepresentedintheformofpolsrsinfigure8.
TheeffectofvsxyingMachnumberon dragcoefficientinthedrag-break
regionisevidentinthevariationofpointsinthepolsrforan average
Machnumberof0.%. Variationof dragcoefficientwithMachnumberat
severslconstantliftcoefficientsandthetwotailsettingsisgivenin
figure9. TheincreaseindragcoefficientastheMachnumberimcreased
from1.2to1.35iscontrsryto thetrendsindicatedby dataofrefer-
ence5. Thereasonsforthisincreasearenotknownbutmaybe dueto
effectsof interferenceor tothenoseshskingshowninfigure3 which
wasevidencedatMachnumbersabove1.15.A largeportionofthechange
indragcoefficientresultingfroma changeintailincidenceisthe
changeinthestreamwisecomponentofthetailnormal-forcecoefficient
withchangeintail.incidence.

‘CD ~dVariationsoftheinduceddragfactors— 1 withMach
dCL2 57c3CLa

numberarepresentedinfigure10. Thedata”indicatethat,atlowlift
coefficients(5= -1.16),theresultantforcevectorduetoangleof
attackwastiltedforward.However,at thehigherliftcoefficientsthe
vectorwasessentiallynormalto thewingas indicatedby coincidenceof
dcD ad 1

Thiseffectisinagreementwithdatapresentedin
dCL2 57.3CLa”
reference13.

.
StaticStability

Thevariationofpitching-momentcoefficientwithliftcoefficient
isshowninfigure11. Thevaluesof ~ presentedinthisfigurewere
obtainedfromtwonormalaccelerometersbymethodsdiscussedinforegoing
sectionsof thispaper.Thevariationsofperiodof thepitchoscilla-
tionsandthestabilityparametersc% and d~/dCL withMachnumber

w we showninfigure12. Vsluesof dCm/dCLshowninfigure12(c)were
obtainedfromthedataoffigure11 andalsofrom c% infigure12(b)
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dividedby C~ showninfigure7. Agreementof dC~dCL valuesdeter-
minedfromthesetwomethodsisgood. —

Thefairlysmoothvsriationof staticstabilitywithMachnumberwas
similartovariationsobtainedfromsomewhatsimilardelta-wingconfigura-
tionsreportedinreferences5 end13. Thestabilitydecreasedwith
increaseinliftcoefficient.Thisdecreaseisevidentinfigure1-1.at
Machnumbersof0.99and0.90.At a MachnumberofO.~ thedatawere
obtainedslmost,toa liftcoefficientof1.0~d indicate.a verysevere
lossof stabilityad a pitch-upatliftcoefficientsabove0.75which.
isthepointwheretheshsxpbreakinliftoccurred.

It isbelievedthattheprimaryfactorcontributingtothedecrease
in stabilitywithincreaseinlift,at liftcoefficientsbelowthelift
break,wasan increasein de/daatthetailwithan ficreaseinlift.
Thiswasassociatedwiththehightailpositionandwasmentionedinthe
sectionentitled“Lift”of thisreportasa possibleca-useofthereduc-
tionintotal-lift-curveslopewithincrease‘inliftco~fficient:—-

DsmpinginPitch

Figure13 presentstheinformationobtainedonthedampingcharac-
teristicsof thepitchosci~ationsresultingfromtheabruptcontrol
movements.Figure13(a)showsthesmplituderatiomeasuredfromthe
trimlineas a functionoftime.Thedatahavebeenf~iredby a straight
lineonthesemilogplots.Thetimefortheoscillationsto damptoone-
hslfsmplitudeasdeterminedfromthefairedcurves”is-showninfig-
ure13(b).Thesetimestodamp,-glongwiththelift-curveslopesfrom
figure7,havebeenusedto determinetherotsry-dsmpingparsmeter ““

c% + C% (fig.13(c)).An increasein C% + C% withincreasein -
liftcoefficientisindicated.An increasein de/da‘withincreaseh“
liftcoefficientmentionedinthe‘!Lift”and“StaticStability”sections
ofthisreportcouldaccountforthisincreasein C!mq-+C% through
itseffectinincreasingC%.

Comparisons

Comparisonsaremadeinfigure14betweendatafromthepresenttest
anddatafromreferences2,5,and13. Reference2 c~tainsdataon the
winglessfuselageempennageusedonthemodelofthepresenttest.The
longitudinalcharacteristicsofan airplaneconfigurationwiththes~”
fuselage-empennagegroupwithoutlowerverticaltailaudwitha modified
deltawingarepresentedinreference5 and-thelongi~dinalcharacter-
isticsof a taillessconfigurationwitha 60°deltawinghavingan
NACA65(06)A006.5airfoilsectionarepresentedinreference13. For... —

—

#

.

?-

k.

-.

—

?

.—

-,

b
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purposesof comparison,thedragofonevertical.tail,obtainedfrom
reference2,wasaddedtothedragofthemodelofreference5.

Ingeneral,theparameterscomparedshowthessmevariationwith
Machnumber,enddifferencesinlevelmaybe explainedby differences
in configurations.Themodelofreference13hadno horizontaltailand
thereforewouldbe expectedto differfromthemodelsof thepresent
testandreference5 as indicated.ThesmalldifferencesinJ.ift-curve. slope,aerodynamiccenter,andinduceddragbetweenthemodelsof the
presenttestandreference5 srecompatiblewiththeslightlyhigher
aspectratioof themodelof reference5. However,thedifferencesin
supersonicminimumdragof thesetwomodelsarecontrarytowhatmight
be expected.Thesedifferencesareingeneralofthessmeorderasthe
accuracyof thedragdata;however,thedragofthepresentmodelmay
havebeenincreasedbyunfavorableinterferenceof thelowervertical
tailorbynoseshaking(atthehigherMachnumbers)asdiscussedbriefly
inthe“Drag”sectionof thepresentreport.

CONCLUSIONS

A rocket-propelledmodelhasbeenflownto determinethelongitudinal
stabilityanddragcharacteristicsofan airplaneconfigurationwitha
60°deltawingwithanNACA65AO03sectionanda highunswepthorizontal
tail.Thedataindicatethefollowing:

1.Thevariationsof lift-curveslope,staticstability,andpitch-
dampingparsmeterC(~ + c%) withMachnumberweresmoothandrelatively
smallmd no abrupttrimchangeswereencountered.

2.Total-lift-curveslopeandstaticstabilitydecreasedandthe
pitch-dampingparsmeterCm( q

+ C%) increasedwithincreasingliftcoef-
ficient,allofwhichcouldbe accountedforby thehorizontaltailbeing
ina positionwheretherewasan increaseinrateof changeof downwash
withsngleof attackastheliftcoefficientincreased.

3. Theexposedwing-lift-curveslopeshowedonlya smallvariation
withchangeinliftcoefficient,agreessatisfactorilyat supersonic
speedswithvaluescalculatedby an approximatelinearizedtheory,but
isappreciablyhigherthanvshes estimatedbymultiplyinglift-curve
slopeof thewingfuselageby theratioof theexposedto totalwing
srea.

4.At a Machnumberof approximately0.90,thereducedstabilityat
thehigherliftcoefficients,stemmingprimarilyfroma hightailloca-
tion,resultedinthemodelpitchingup to anglesof attackabove20°.
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An abruptbreakinliftwasindicatedbothby
liftmeasurementsata totallift.coefficient-

5. Ingeneral,dataobtainedatlowlift
Machnumbervariationascomparabledatafrom

LangleyAeronauticalLaboratory,

NACARM L52K04a

thetotalliftandwing a
of approxi~atelyO.~.

showthesameeffectsof .
otherdelta-wingtests.

NationalAdvisoryCommitteeforAeronautics,
LsmgleyField,Va.
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